 
Methodology
. Cyanine dyes are characterized by a low intrinsic fluorescence and large fluorescence enhancements upon binding to nucleic acid [1] . PicoGreen selectively binds dsDNA with a sensitive detection range as low as 100 cells, but sample preparation requires enzymatic digestion for optimal results [7] . CyQuant binds to both RNA and DNA but the signal intensity of DNA is up to six times greater than that of an equivalent amount of RNA. The assay is reported to be sensitive to as few as 50 cells and has a linear range up to 50,000 cells [1] . The major advantage of cyanine dyes is that they perform independently of changes in cellular metabolism.
A study by Ng and colleagues [8] [9] . These cell lines typically proliferate rapidly and reach high cell densities over a short period of time; especially in 2D cultures [10] .
Between (Fig. 1) .
Materials and methods

Literature research
Cells
The human ovarian carcinoma cell line OV-MZ-6 was established by draining malignant ascites from a 70-year-old female Caucasian patient suffering from advanced ovarian cancer (FIGO stage IV) [11]. The epithelial serous ovarian adenocarcinoma cell line SKOV-3 was obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA) [12]. Human umbilical cord perivascular cells (HUCPVC) [13] were isolated from umbilical cord blood vessels (Tissue Regeneration and Therapeutics, Inc., ON, Canada). Human bone marrow-derived mesenchymal stem cells (bmMSC
Assessing cell proliferation Light microscopic observation
In addition to metabolic and DNA assays, proliferation and morphology was routinely monitored by light microscopy (Fig. 2) . time period (Fig. 3A) (Fig. 3B) .
Within 4 h of seeding an approximate 8300 cells/cm 2 of each cell type, OV-MZ-6 and SKOV-3 cells, were already attached. In contrast, bmMSC and HUCPVC were attached but still rounded not exhibiting their characteristic elongated fibroblast-like shape. After 96 h OV-MZ-6 and SKOV-3 cells were already overconfluent and grew in layers on top of each other. BmMSC and HUCPVC were fully attached and spread after 24 hrs (data not shown) and proliferation was visually observed over the incubation period.
DNA content
Performing CyQuant assays the DNA content of SKOV-3 and OV-MZ-6 cells increased 7.5 and 5.3-fold, respectively, between 24 and 96 h. HUCPVC showed a 2.3-fold increase of DNA content at 24 versus 96 h and bmMSC a 1.1-fold increase over the same
Metabolic activity
The apparent change in cell numbers based on metabolic activity using the AlamarBlue assay revealed a 9. 2 (Fig. 3C) . The approximate over-estimation of cell proliferation using the AlamarBlue assay ranged from 21% and 64% for all tested cell types (Fig. 4A) . The deviation from the reference line became more pronounced over time and hence at higher cell densities.
and 9.7-fold, respectively, increase in SKOV-3 and OV-MZ-6 cells between 24 and 96 h. HUCPVC cell numbers increased 4.5-fold and bmMSC showed a 1.5-fold increase
Correlation between metabolic and DNA quantification assays Correlation between AlamarBlue and CyQuant cell numbers
Correlation between AlamarBlue and PicoGreen
The These results led to an over-estimation of proliferation by AlamarBlue relative to PicoGreen ranging from 24% to 51% (Fig. 4B) . (Fig. 4C) ; there was a difference in correlation between high and low cell densities.
Correlation between PicoGreen and CyQuant
Discussion
Quantifying cell proliferation is an important procedure in cell biology and biomedical sciences, in particular in cancer research [14, 15] . A variety of assays are available to investigate cell proliferation based on different chemistries [8] . (Fig. 1) . The results from our study reveal that the metabolic activity assay, AlamarBlue, is significantly less accurate to determine the MTT is a colorimetric assay based on tetrazolium salt, and was originally established in the early 1980s to measure cytotoxicity and cell viability after drug treatment [3] . Tetrazolium Fig. 3 
